INTRODUCTION {#sec1-1}
============

Retinopathy of prematurity (ROP) is an important cause of preventable blindness in children.[@ref1] In the Royal Blind School of Edinburgh, it accounts for up to 10% of childhood blindness,[@ref2] and it is believed to account for 6-18% of childhood blindness in developed countries.[@ref1] Recent advances in neonatal care in the last decade, have improved the survival rates for premature infants.[@ref3] Consequently, the incidence of ROP has increased in parallel. ROP is under constant epidemiological study around the world.[@ref4]

Early identification of retinal damage and the institution of appropriate treatment prevent blindness and offer child better overall development.[@ref5]

ROP is characterized by abnormal neovascular development in the retina of premature infants. These abnormal blood vessels are fragile and can leak or bleed, scarring the retina and pulling it out of position. This causes a tractional retinal detachment, which is the main cause of visual impairment and blindness in ROP.[@ref6]

The stages of ROP describe the ophthalmoscopic findings at the junction between the vascularized and avascular retina; stage 1 is a faint demarcation line, stage 2 is an elevated ridge, stage 3 is an extraretinal fibrovascular tissue, stage 4 is a subtotal retinal detachment, while stage 5 is a total retinal detachment. In addition, Plus disease, which indicates significant vascular dilation and tortuosity observed at the posterior retinal vessels, may be present at any stage and reflects the increased blood flow through the retina.[@ref7]

In 1942, Terry[@ref8] first described retrolental fibroplasia with implication of oxygen therapy as the causative agent. However, reports have found ROP in cases without oxygen therapy and even after oxygen therapy, not all premature infants develop ROP.[@ref9] Three factors have shown consistent and significant association with ROP: low gestational age, low birth weight and prolonged exposure to supplementary oxygen following delivery.[@ref10]

Other putative risk factors include mechanical ventilation,[@ref11] sepsis,[@ref12] intraventricular hemorrhage,[@ref10] surfactant therapy,[@ref13] anemia,[@ref14] frequent blood transfusions,[@ref14] and apnea.[@ref11] The precise roles of these factors individually in the progression of the disease have not yet been determined.[@ref15]

The aim of this prospective study was to estimate the prevalence of ROP in preterm infants at the Neonatal Intensive Care Unit (NICU) of Al-Minya University Hospital, to identify the risk factors which predispose to ROP, and to assess the outcome of these cases.

MATERIALS AND METHODS {#sec1-2}
=====================

This prospective study was conducted in NICU of Al-Minya University Hospital in cooperation between the Departments of Neonatology and Ophthalmology. The study population included 172 neonates; all preterm infants admitted to the NICU from January 2009 to December 2010, with a gestational age of 32 weeks or less at birth and a birth weight of 1500 g or less. Infants whom gestational age was \>32 weeks or birth weight was \>1500 g were included if they were exposed to oxygen therapy for more than 7 days.[@ref11] Also infants who were born between 32 and 34 weeks gestational age were examined if they had a course of instability (like sepsis, asphyxia or ventilation). Neonates who died before the first ophthalmologic examination were excluded. Infants with congenital anomalies, chromosomal abnormalities, inborn errors of metabolism were excluded from the study. All neonates included in this study were subjected to the following:

History: Perinatal history; detect risk factors as prematurity, sepsis (offensive liquor, premature rupture of membrane \>18 hours, maternal urinary tract infection, and intrapartum fever\> 38°C), and perinatal asphyxia.

Present history; includes the most common symptoms of respiratory distress requiring therapy oxygen, sepsis, phototherapy, congenital heart disease, and blood transfusion.

Clinical examination {#sec2-1}
--------------------

Weight, length, skull circumference, gestational age using new Ballard score, vital signs, neonatal reflexes, neurological manifestations, respiratory manifestations, and circulatory manifestations.

Local eye examination {#sec2-2}
---------------------

All infants were examined regularly by the ophthalmologist at 1-2 weeks intervals from the 4^th^ postnatal week onwards. The eyes were dilated with a combination of cyclopentolate 0.1% and phenylephrine 0.1% eye drops applied one hour before the examination.

Indirect ophthalmoscopy with a 28 diopter lens was performed with speculum and scleral depression. Retinal examination by the ophthalmologist with retinal drawing and RetCam 2 fundus imaging was done when indicated.

ROP was defined as the incomplete or abnormal vascular proliferation of the retina, The ROP was classified by location on the retina (zone 1--3), and severity (stage 1--5), according to the criteria established by the International Committee for Classification of ROP.[@ref7] All patients diagnosed with stage 3 ROP were treated with laser photocoagulation.

The ophthalmological examinations were initiated at the 4^th^ week of life and were repeated weekly or biweekly, using the schedule for follow-up recommended by AAP, AAO, and AAPO,[@ref16] until full vascularization of the retina reached zone 3 (the most peripheral temporal retinal zone), or until full remission of ROP after treatment. In this study we examined a series of suspected pre- and postnatal risk factors for ROP to identify independent risk factors associated with the development of mild and severe forms of this disease in our NICU conditions. The prenatal variables were gestational age, birth weight, sex, and mode of delivery. The post-natal variables, were respiratory distress syndrome, oxygen therapy, phototherapy for jaundice, frequency of blood transfusions, sepsis (by clinical diagnosis, with either C-reactive protein greater than 6.0 mg/dl, or blood culture positive cases), hypotension (as identified by the standard mean for age and weight), intraventricular hemorrhage (as identified by cranial ultrasound), and patent ductus arteriosus (as identified by echocardiography).

Our study was carried out after approval by the ethical committee of the university. Informed consents were obtained from the parents of the subjects.

Statistical analysis {#sec2-3}
--------------------

Data were analyzed by the Statistical Package for the Social Sciences (SPSS for windows, version 13.0). Descriptive statistics included the mean and standard deviation for numerical variables, and the percentage of different categories for categorical variables. The prevalence rate of ROP was described in simple proportion. Group comparisons were done by the Chi-squared (χ^2^) test or Fisher\'s exact test for categorical variables. A logistic regression model was performed and the adjusted OR (95% CI) was obtained for the risk factors which had been shown to be significant in the univariate analysis. A probability (*P*) of less than 0.05 was considered significant.

RESULTS {#sec1-3}
=======

The study population included 172 neonates; all preterms with a gestational age of 32 weeks or less at birth and a birth weight of 1500 g or less. This study also included infants whose gestational age was \>32 weeks or birth weight was \>1500 g with unstable condition during the duration from January 2009 to December 2010.

Out of the 172 neonates; 84 (48.8%) were males and 88 (51.2%) were females. The mean gestational age was 33.02 ± 1.72 weeks; 24 were ≤ 32 weeks; and 148 were \>32 weeks. The birth weight ranged from 940 to 2010 g with a mean of 1510 ± 245 g. Seventy-two cases (41.9%) were delivered vaginally and 100 (58.1%) cases were delivered by cesarean section \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic data of the studied cases (*n* = 172)

![](MEAJO-19-289-g001)

Out of the 172 neonates; 33 (19.2%) cases developed ROP in one or both eyes classified as 18 (54.5%) cases stage 1, 9 (27.3%) cases stage 2, and 6 (18.2%) cases stage 3. None of the studied neonates presented ROP at stages 4 or 5.

[Table 2](#T2){ref-type="table"} shows the relationship between ROP and risk factors. There was a significant relationship between the occurrence of ROP and gestational age (*P* = 0.000), sepsis (*P* = 0.004), oxygen therapy (*P* = 0.018), and frequency of blood transfusions (*P* = 0.030). On the other hand, there was no significant relationship between the occurrence of ROP and sex, mode of delivery, birth weight, respiratory distress syndrome, patent ductus arteriosus, intraventricular hemorrhage, hypotension, phototherapy, and duration of oxygen therapy, mechanical ventilation, and CPAP (all *P* \> 0.05).

###### 

Relationship between retinopathy of prematurity and risk factors
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[Table 3](#T3){ref-type="table"} shows the relationship between gestational age and stages of ROP. There was no significant relationship between the gestational age and stages of ROP (*P* = 0.325).

###### 

Relationship between gestational age and stages of retinopathy of prematurity
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[Table 4](#T4){ref-type="table"} shows the relationship between oxygen therapy and stages of ROP.

###### 

Relationship between oxygen therapy and stages of ROP
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Those variables that were statistically significant after univariate analysis were analyzed using logistic regression analysis. Gestational age, sepsis, oxygen therapy, and frequency of blood transfusions remained significant variables \[[Table 5](#T5){ref-type="table"}\].

###### 

Logistic regression analysis
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[Table 6](#T6){ref-type="table"} shows the outcome of ROP in studied cases. Intervention with laser was necessary for the six cases diagnosed as stage 3, and patients showed improvement on follow-up. The other 27 cases regressed spontaneously without intervention.

###### 

Outcome of ROP in studied cases (n = 33)
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DISCUSSION {#sec1-4}
==========

Retinopathy of prematurity is a disorder of retinal vascular development in preterm infants. It continues to be a significant complication in preterm neonates despite advances in neonatal care and remains a major cause of childhood blindness worldwide.[@ref16]

Prevalence {#sec2-4}
----------

The prevalence of ROP in this study was 19.2% and this was less than that reported in many other studies; 24% in India,[@ref17] 29.2% in Singapore,[@ref11] and 32.4% in Pakistan.[@ref18] This can be explained by the fact that these studies involved only very low birth weight infants. However, it is higher than the study done in Beijing which involved infants with higher gestational age and birth weight (up to 2 kg and /or 34 weeks gestational age) and reported a prevalence of 10.8%.[@ref19]

Risk factors {#sec2-5}
------------

ROP is a multifactorial disease involving many factors. Low-gestational age, low-birth weight, sepsis, oxygen therapy, respiratory distress syndrome, and blood transfusion have been suspected to influence the incidence of ROP.[@ref20] The most significant risk factors for development of ROP were low-gestational age and low-birth weight, as shown in many studies.[@ref10][@ref15][@ref21] In our study, low-gestational age, sepsis, oxygen therapy, and frequency of blood transfusions were found to be risk factors for development of ROP independently. Meanwhile, sex, mode of delivery, birth weight, respiratory distress syndrome, patent ductus arteriosus, intraventricular hemorrhage, hypotension, phototherapy, duration of oxygen therapy, mechanical ventilation, and CPAP were nonsignificant risk factors by using univariate analysis.

As regard the effect of low-gestational age on occurrence of ROP, we found it the most important risk factor in ROP. This was in agreement with the results of studies done by Shah *et al*.,[@ref11] Karna *et al*.,[@ref13] and Fortes *et al*.[@ref22] This was explained by immaturity of vascularization that induces an increased susceptibility of the retina to oxidative damage and to a number of perinatal factors which include hyper and hypoxia, blood transfusions, and sepsis. We found nonsignificant relationship between gestational age and the severity of ROP, but this was in disagreement with other studies,[@ref11][@ref20] showing that lower gestational age was significantly associated with severe ROP.

We found that birth was an insignificant factor for the development of ROP which concurs with Arroe and Peitersen.[@ref23] We found that birth weight was insignificant factor for development of ROP. But this was in disagreement with many studies[@ref11][@ref22][@ref24] which reported that lower birth weight was significantly associated with development of ROP, and explained that by more susceptibility for oxygen therapy, prolonged ventilation, sepsis, and blood transfusion in very low birth weight infants. In this work this may be related to the small number of patients (3 out of 172 cases) whose birth weight was less than 1000 g.

In this study, we found that sepsis was significantly associated with the development of ROP. This was in agreement with Shah *et al*.,[@ref11] and Vinekar *et al*.,[@ref25] which may be due to the effect of endotoxins on retinal blood vessels. On the other hand, this was in disagreement with the results of Chaudhari *et al*.,[@ref26] and Smith.[@ref27]

Oxygen therapy was an independent risk factor for the development of ROP.[@ref11][@ref17][@ref28] We found a significant relationship between the occurrence of ROP and use of oxygen therapy, but there was no significant relationship between oxygen therapy and stages of ROP. On the other hand, Palmer *et al*.,[@ref29] reported that oxygen therapy was a nonsignificant factor for occurrence of ROP. They reported that ROP may develop in cases that did not receive oxygen therapy.

Some studies reported that a duration of oxygen therapy more than 7 days was a significant risk factor for development of ROP.[@ref11][@ref30] Meanwhile, in our study we found it insignificant which was in agreement with the results of Dutta *et al*.[@ref31] We found that mechanical ventilation and CPAP were nonsignificant risk factors for ROP and this agreed with Murthy *et al*.[@ref17] However, others observed that ventilatory support and CPAP were significantly associated with development of ROP.[@ref11][@ref26]

In our study, we found that the frequency of blood transfusions is an independent risk factor for development of ROP, and this agreed with Deepak *et al*.[@ref32] This can be explained by the fact that, adult RBCs are rich in 2, 3 DPG and adult hemoglobin which binds less firmly to oxygen, thus releasing excess oxygen to the retinal tissue. While Hirano *et al*.,[@ref33] stated that it is controversial and iron overload rather than number of transfusions may contribute to the development of ROP.

Our study revealed insignificant relationship between sex and occurrence of ROP, in contrast to Darlow *et al*.,[@ref34] who found that male sex is a significant risk factor. In agreement with Seiberth and Lindarkomp,[@ref35] we found insignificant relationship between the mode of delivery and occurrence of ROP. But this was in disagreement with Shah *et al*.,[@ref11] who found that cesarean section delivery was significantly associated with occurrence of ROP.

Other risk factors including respiratory distress syndrome, patent ductus arteriosus, intraventricular hemorrhage, hypotension, and phototherapy showed insignificant relationship with the occurrence of ROP. Similarly Taqui *et al*.,[@ref18] reported insignificant relation between ROP and patent ductus arteriosus and intraventricular hemorrhage, but observed a significant relation between respiratory distress syndrome and the development of ROP and related this to the fact that systemic hypoxia results in retinal hypoxia and more need for oxygen therapy. On the other hand, Shah *et al*.,[@ref11] reported a significant relation between ROP development and patent ductus arteriosus, intraventricular hemorrhage, and hypotension. Chaudhari *et al*.[@ref26] observed a insignificant effect of phototherapy on ROP.

In multivariate analysis after logistic regression analysis, it was confirmed that low gestational age, sepsis, oxygen therapy, and frequency of blood transfusions were significant risk factors for development of ROP.

Laser photocoagulation was found to be very effective in regressing ROP. In agreement with Coats *et al*.,[@ref1] we found that the six cases that required laser intervention improved and ROP regressed with regular follow-up. Laser is now the preferred mode since the most severe forms of the disease are more easily treated with laser than with cryotherapy.[@ref36]

CONCLUSION {#sec1-5}
==========

We are aware that a limitation of this study is the small number of patients. In conclusion, the prevalence of ROP in this study was 19.2%, the data of this study suggest that low gestational age, sepsis, oxygen therapy, and frequency of blood transfusions are independent risk factors in the development of ROP. Clinicians should be aware of the presence of the additional risk factors when monitoring preterm infants. The analysis of risk factors for ROP development will help to understand and predict it in severe preterm infants. The timely retinal screening of high-risk preterm infants is important to prevent the development of advanced ROP. Since ROP may produce serious sequelae up to complete blindness, all efforts must be made to prevent the development of advanced ROP through elimination of preterm births, changes in the neonatal care, and improvement in detection of threatening ROP markers.
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